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ABSTRACT 
Spotlight surveys were conducted during six different months on two 
routes to determine when the greatest number of deer and raccoons could be 
observed with the least variability or when the coefficient of variation 
(c. V.) could be minimized. No significant difference (P > 0.05) was found 
in deer counts between periods. Raccoon counts were significantly greater 
(P < 0.05) in April than during the other spotlight periods. The lowest 
c.v. for deer counts was obtained on one route in April and for raccoons on 
both routes in April. There was a significant (P < 0.05) positive correla-
tion between deer counts and temperature in August and between deer counts 
and relative humidity in April. Raccoon counts were significantly 
correlated with temperature in December and January, atmospheric pressure 
in December, January and March, relative humidity in December and April, 
and wind speed in February and March. Time after sunset at which deer were 
observed varied significantly (P < 0.001) during the spotlight periods but 
not for raccoons (P > 0.05). Experience was not a factor affecting observer 
ability to see deer but was important in sighting raccoons. Habitat in 
which deer and raccoons were observed varied considerably during the spot-
light periods and degree of visibility was probably an important 
contributing factor. 
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INTRODUCTION 
Appropriate management of any animal population necessitates accurate 
inventory methods. When enumeration of the population is not possible, 
indices of the population are a valuable substitute. Leopold (1933:156) 
describes an index as "any condition which can be measured, and which may 
be expected to vary in proportion to the population which cannot be 
measured", but warns that indices may lead to erroneous conclusions unless 
the variables which affect their variability are accounted for (Leopold 
1933:141). 
Indices commonly used to determine white-tailed deer (Odocoi1eus 
virginianus) population trends include the pellet group count (Neff 1968), 
. analysis of sex and age composition of harvested animals (Nixon 1970), 
aerial surveys (McKenzie and Samuelson 1973), roadki11s (McCaffery 1973), 
and-trail counts (McCaffery 1976). In Iowa, habitat and environmental 
conditions preclude the use of pellet group counts and trail counts. 
Roadkil1 and sex and age data analyses currently provide indices of the 
Iowa deer population (Gladfelter 1977). In addition, Iowa Conservation 
Officers provide an annual estimate of the wintering deer population in 
their assigned counties and this information is summarized by hunting zones 
as a population index (Gladfelter 1977). Use of aerial surveys as a deer 
population index is currently in the experimental stage in Iowa (Gladfelter 
1976). Accuracy of the indices currently used cannot be analyzed 
statistically, and a more reliable population index is needed. 
Increased prices paid for raccoon pelts in recent years have resulted 
in a dramatic increase in the number of raccoons harvested in Iowa 
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(Andrews 1977) but the effect of increased harvest on Iowa's raccoon 
population is questionable. Thus, a technique for determining raccoon 
population trends is also needed. 
Observation of animals at night with spotlights is a technique which 
has been used_to determine trends in wildlife populations. Spotlight 
surveys have been tested as a population index for cottontail rabbits 
(Sylvilagus floridanus) (Trautman et ale 1974), striped skunks (Mephitis 
mephitis) (Jacobson 1969, Cool and Fredrickson 1976), spotted skunks 
(Spilogale putorius), red fox (Vulpes vulpes), raccoon (Procyon lotor) , 
badger (Taxidea taxis) (Cool and Fredrickson 1976), mule deer (Odocoileus 
heminous) (Anderson 1959, Dealy 1966), mule deer and white-tailed deer 
(Hart 1959, Robbins 1963, Progulske and Duerre 1964, Kranz 1974, Cool and 
Fredrickson 1976), and white-tailed deer (Darr and Klebenow 1975, Johnson 
1976, Johnson 1977, Barron 1977). Spotlights have also been used to 
identify deer highway crossings (Reed 1969), determine white-tailed deer 
habitat use (Zagata and Haugen 1974) and distribution along an interstate 
highway (Carbaugh et ale 1975), determine white-tailed deer group composi-
tion (Gladfelter 1978) and social interaction (Hirth 1977), and capture 
upland game (Labisky 1968, Griffith and Evans 1970, Bednarz 1977). 
Although various workers have given attention to the evaluation of 
environmental factors and their relationship to deer activity during spot-
light counts, little is known about these factors relative to raccoon 
activity. The objective of this study was to develop and test the 
applicability of a spotlight survey technique to fulfill the need for a 
more accurate index to white-tailed deer and raccoon populations in Iowa 
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and more specifically, to determine under what environmental conditions the 
greatest number of deer or raccoons could be observed with the least 
variability_ Specific conditions tested were weather, time of night, month 
and year, and habitat types along the survey routes. 
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THE STUDY AREA 
This investigation was conducted in Lucas and Monroe Counties in 
south-central Iowa. The area was selected because it contains habitat and 
deer populations typical of high-density Iowa deer range. 
Lucas and Monroe Counties lie entirely within the Kansan glacial till 
area, known as the southern Iowa drift plain (Prior 1974). The land has 
been exposed to erosion and weathering processes since the Kansan period 
and the topography consists of rolling to steeply rolling hills, level 
upland flats, and level alluvial lowlands. An efficient dendritic drainage 
pattern dissects the area. Prior to human settlement, the dominant native 
vegetation was oak-hickory (Quercus-Carya) forest interspersed with areas 
of prairie grasses. Permanent pasture, oak-hickory forest, and row crops, 
primarily corn (Zea mays) and soybeans (Glycine max), cover most of the 
region today. Soil types, topographical features, and land-use practices 
for south-central Iowa are discussed by Oschwa1d et ale (1965) and Prior 
(1974), as are economy and climate by Collins (1974). 
One spotlight route was located in each county (Figs. 1 and 2). Route 
lengths were 76.1 km (47.3 miles) for Lucas County and 71.2 km (44.3 miles) 
for Monroe County. The Lucas County route has less topographic relief than 
the Monroe County route. Consequently, a greater percentage of the area is 
under cultivation and there is less oak-hickory forest than in Monroe 
County. 
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METHODS AND MATERIALS 
Two routes were utilized in this study to allow comparison in the 
analysis of the data. Spotlight counts were made under all weather 
conditions except when dense fog or heavy snowfall was occurring at the 
beginning of the count. Spotlight routes were restricted to all-weather 
gravel roads. All residents along both routes were personally contacted 
and informed of the project before any spotlighting occurred. 
Spotlighting was initially conducted each night on the Lucas County 
route from 28 August 1975 to 19 September 1975. However, based on the 
recommendations of Progulske and Duerre (1964), bright moonlit nights were 
avoided when spotlighting was resumed. Surveys were conducted on both 
routes for three 2-week periods coinciding with the dark phases of the moon 
beginning 26 December 1975 and ending 5 March 1976 (26 December-8 January, 
22 January-4 February, 20 February-5 March). The same procedure was 
followed in 1977 for four 2-week periods beginning 12 January and ending 
25 April (12 January-26 January, 11 February-25 February, 12 March-26 March, 
11 April-25 April). In the remainder of this manuscript each spotlight 
period is referred to by the month and year in which it began. Winter and 
spring were selected as the seasons to conduct surveys in expectation that 
deer would be readily visible, feeding in picked corn in winter and hay-
fields in spring. 
Each route was traveled in the direction opposite from the previous 
time in order to eliminate any effect that time of night might have on 
observing deer or raccoons. When both routes were utilized, they were 
surveyed on alternate nights. Therefore, every fifth night the same route 
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was run in the same direction that it had been four nights earlier. The 
procedure was discussed by Klonglan (1953) who used this method on pheasant 
census routes. All surveys were conducted by two observers riding in the 
cab of a pickup truck. Each observer was equipped with a hand-held, 13 
volt, 100 watt spotlight (G.E. Model 4509), rated at 110,000 candlepower. 
Where topographic and vegetative conditions permitted, these lights had an 
effective illumination of approximately 0.4 km (0.25 miles). The routes 
were driven at speeds of 16-24 km/hr (10-15 mph). This investigator, who 
served as driver throughout the study, observed the left side of the road, 
and the second observer, who differed nightly, observed the right side. 
Counts began 1 hour after sunset and were completed approximately 4 hours 
later. One complete survey of a route constituted a "run". 
Pertinent information was recorded on a data collection form (Appendix) 
whenever deer or raccoons were sighted. This information was later 
transferred to computer cards for analysis. Frequently, only eye reflection 
was visible to the observer. In these instances, 7 x 35 binoculars were 
used to make positive species identification. 
Weather data were recorded immediately before and after each run. 
Temperature (OF), wind speed, and wind direction were recorded at Rathbun 
Wildlife Management Headquarters, Russell, Iowa, in 1975 and 1976. 
Atmospheric pressure (standard pressure in inches), relative humidity, and 
precipitation measurements were obtained from the u.s. Weather Bureau, 
Des Moines, Iowa. Fog was recorded'as either present or absent. Cloudiness 
was estimated visually on a 1 (0-25%) to 4 (76-100%) scale. The same 
procedures were used in 1977 except a precipitation gauge and a continuous 
recording wind-cup anemometer were located at Rathbun Wildlife Management 
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Headquarters. Accumulated wind was the total amount of wind which passed 
the wind-cup anemometer while a route was surveyed. Measuring wind in this 
manner was believed to be more meaningful than measuring wind speed at the 
beginning and end of a count. 
Vegetation,types or land-use categories within 0.4 km (0.25 miles) of 
the survey routes were classified as unpastured oak-hickory timber, pastured 
oak-hickory timber, permanent pasture, hay, corn, soybeans, or miscellaneous 
(Table 1). Vegetation present during the 1976 growing season was determined 
by on-site inspection in February 1977. Crops present during 1975 were 
determined from personal interviews with the landowners. Vegetation types 
present during both years were mapped on 1955 aerial photos of the area. 
More recent aerial photos and a compensating polar planimeter (Keuffel 
and Essor, No. 620002) were used to determine the hectarage of each vegeta-
tion type. Maps used for Monroe County were 1972 Rathbun Regional Water 
Association photos (scale of 1:500) and for Lucas County, 1976 photos 
developed for the County Assessor (scale of 1:400) (The Sidwell Company, 
West Chicago, Illinois). 
Count data may not be distributed normally but rather in a Poisson 
fashion (Snedecor and Cochran 1967:325). Square root transformation of 
counts tends to normalize such information. A representative sample of 
counts was transformed and analyzed statistically. Transformation did not 
cause any changes in the interpretations of test results, thus, all analyses 
discussed in this report are on untransformed data. The computer language 
used to perform statistical tests was Statistical Analysis System (SAS) 
{North Carolina State University, Raleigh, North Carolina}. Multiple 
regression, Chi-square, analysis of variance, t-tests, correlation, and 
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Table 1. Vegetation types or land-use categories within 0.4 km (0.25 miles) 
of the spotlight routes. 
Vegetation type 
or 
land-use category 
1. Unpastured oak-hickory 
(Quercus-Carya) timber 
2. Pastured oak-hickory 
timber 
3. Hayfield 
4. Permanent pasture 
5. Corn (Zea mays) 
6. Soybeans (Glycine max) 
7. Miscellaneous 
Definition 
Ungrazed stand of trees comprised mainly 
of oak and hickory. Includes ungrazed 
wooded draws. 
Grazed stand of trees comprised mainly of 
oak and hickory. Includes grazed wooded 
draws. 
Field from which a hay crop was harvested. 
Also includes harvested oats (Avena 
sativa). 
All pasture except pastured oak-hickory 
timber and hayfields. 
Field in which corn was grown. 
Field in which soybeans were grown. 
Abandoned fields in various stages of 
succession (brush), farmsteads, roads, 
and road rights-of-way. 
Duncan's multiple range test were used when appropriate, to determine 
relationships among variables. 
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RESULTS AND DISCUSSION 
White-tailed Deer 
Spotlight counts were taken during six months of the year to determine 
when the largest number of deer could be observed with the least variation, 
or when the coefficient of variation ·(C.V.) could be minimized. Counts 
were taken on 119 nights during the study. No deer were observed on 28 
nights. The largest count was 23 on the Monroe County route on 26 February 
1976. A total of 500 deer observations were made, 313 in 1975 and 1976 and 
187 in 1977. Counts were made in January and February in both 1976 and 
1977 (Table 2). No significant differences in counts (P > 0.05) were 
obtained between years for these two periods. To increase sample size and 
because variables affecting counts one year and not another would have 
little value, counts taken in 1976 and 1977 were combined for each of the 
January and February periods for other analyses (Table 3). 
When spotlight periods during the same months were combined, there was 
no significant difference in nightly deer counts in the different spotlight 
periods (F = 2.11, df = 5, 114; P > 0.05). The lowest C.V. (49.0) was. 
obtained on the Monroe County route in April 1977. However, the highest 
(176.9) was obtained during the same period on the Lucas County route. The 
C.V. was lower on the Monroe County route during all periods in which both 
routes were surveyed except February. 
The high C.V. obtained on both routes during all spotlight periods is 
probably due to the small sample size involved. In comparison, Hart (1959) 
in South Dakota sighted an average of 230 deer per night with a C.V. of 
10.0 in 1958 and 277 per night wiht a C.V. of 7.0 in 1959. Robbins (1963), 
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Table 3. Means, standard deviations, 95 percent confidence intervals, and 
coefficients of variation for the number of deer observed per 
night for each route and spotlight period. N = number of runs. 
Spotlight Route N Mean & 95% C.I. Standard C.v. period deviation 
August 1975 Lucas 23 3.6 % 1.3 2.9 81.9 
December 1975 Lucas 7 1.7 % 2.2 2.4 137.7 
Monroe 6 6.0 ;I: 5.5 5.2 86.9 
January 1976-77 Lucas 14 3.6 % 3.6 6.2 169.1 
Monroe 15 3.8 % 1.8 3.2 83.3 
February 1976-77 Lucas 12 5.3 % 2.7 4.3 80.9 
Monroe 14 7.6 % 4.3 7.4 97.2 
March 1977 Lucas 8 3.0 ;I: 3.4 4.0 134.5 
Monroe 6 5.8 % 4.0 3.8 65.4 
April 1977 Lucas 8 2.1 % 3.1 3.8 176.9 
Monroe 6 2.5 % 1.3 1.2 49.0 
while conducting summer spotlight counts over the same 30 mile routes in 
South Dakota, obtained means and C.V.'s of 174,20.0; 220, 26.7; and 140, 
31.6 during 1961, 1962, and 1963, respectively. Barron (1977) concluded 
that spotlight counts in Texas were feasible in areas of moderate or dense 
deer populations but inadequate where densities were lower. Population 
estimates obtained by spotlighting in high, moderate, and low density areas 
were 106.5, 72.1 and 39.4 deer per 405 ha (1,000 acres), respectively. 
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CliIDatological factors 
An initial hypothesis that counts taken on nights that fog or snow 
occurred were significantly less than when neither of these conditions 
occurred was rejected for both fog (~= 1.33, df = 117, P > 0.05) and snow 
(~ = 1.94, df = 117, P > 0.05). These counts were probably not significant-
ly less because fog occurred only 7 nights and snow 3 nights. 
Visual inspection of scatter plots revealed that temperature, relative 
humidity, atmospheric pressure, wind speed, and accumulated wind were the 
variables which mos~ likely had an effect on deer counts. However, when 
analysed statistically no significant correlations were found between the 
number of deer observed per night (all counts combined) and any of these 
weather variables (Table 4). 
Table 4. Simple correlation coefficients (r) obtained when correlating the 
number of deer observed each night, temperature, relative 
humidity, atmospheric pressure, wind speed, and accumulated wind. 
All spotlight periods combined. P < 0.05 = *, P < 0.01 = **, and 
'p < 0.001 = ***. 
Temperature Relative Atmospheric Wind Accumulated humidity pressure speed wind 
Deer/night -0.02 0.10 -0.17 0.07 -0.05 
Temperature 0.26** -0.27** -0.24** -0.001 
Relative 
-0.20* 0.02 0.24 humidity 
Atmospheric 
-0.07 -0.29* pressure 
Wind speed 0.57*** 
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When spotlight periods were considered separately, a significant 
correlation was found between deer counts and temperature in August 1975 
(r = 0.51, P < 0.05) (Table 5). This relationship is described by the 
equation Y = -12.08 + 0.24 T where Y is the predicted deer count and T is 
the average temperature during the count. As temperatures on consecutive 
nights increased or decreased, deer counts fluctuated similarly on 14 of 23 
nights (Fig. 3). This relationship probably would have been stronger if 
the deer counts had been greater. Progulske and Duerre (1964) found a 
similar correlation between deer counts and temperature (r = 0.40, P < 0.05) 
while spotlighting deer in late summer in South Dakota. They found deer 
counts and temperature fluctuated similarly on 40 of 51 nights. However, 
their nightly counts ranged from approximately 150 to 650. 
Counts were believed to have been reduced on two nights in April 1977 
because of extreme observer fatigue. If data from these nights are elimina-
ted, then deer counts are significantly related with relative humidity in 
April (r = 0.65, P < 0.05) (Table 5). This relationship is described by 
the equation Y = -5.77 + 0.16 H where Y is the predicted deer count and H is 
the relative humidity. 
No significant differences in counts due to wind direction were 
detected (Duncan's multiple range test, P > 0.05). There were no nights 
with 51-75 percent cloud cover during the December 1975 period. Cloud cover 
had no significant effect on deer counts during that period (F = 0.58, 
df = 2, 10; P > 0.05) nor during the remaining periods (F = 2.24, df = 3, 
86; P > 0.05) (Fig. 4). Anderson (1959) also found no significant 
difference in deer activity due to cloud cover, but Progulske and Duerre 
(1964) found cloud cover had a significant effect on deer counts. 
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Table 5. Simple correlation coefficients (r) obtained when correlating the 
number of deer observed each night with temperature, relative 
humidity, atmospheric pressure, wind speed, and accumulated wind 
for each spotlight period. P < 0.05 = *; NM = not measured. 
Spotlight Temperature Relative Atmospheric Wind Accumulated period . humidity pressure speed wind 
* August 1975 0.51 0.03 -0.20 -0.24 NM 
December 1975 0.01 0.05 -0.06 0.43 NM 
January 1976-77 0.19 0.14 -0.29 0.07 -0.23 
February 1976-77 -0.03 0.02 -0.02 -0.06 0.17 
March 1977 0.06 -0.19 -0.04 -0.19 -0.33 
April 1977 -0.11 0.45 
0.65*a 
-0.27 -0.39 -0.16 
aCorrelation coefficient obtained when two counts were eliminated due 
to extreme observer fatigue. 
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Carbaugh et al. (1975) found no relationship between the number of 
deer sighted and any of the meteorological variables measured in this study. 
Johnson (1977) did not attempt to correlate deer counts with meteorological 
factors; he only stipulated that counts be taken when wind speed was less 
than 40 km/hr (25 mph). Meteorological factors appear to affect spotlight 
deer counts differently in different regions of the country. Variation in 
results obtained between studies is probably due to differences in deer 
populations and habitat configurations. 
Time of night 
Deer were observed at significantly different hours of the evening 
2 
relative to sunset in each of the spotlight periods (X = 174.8, df = 15, 
P < 0.001) (Table 6). In August 1975, less than 21 percent of all observa-
tions were during the second and third hours after sunset. In December 
1975, observations during these hours increased to 39 percent, in January 
1976-77 to 72 percent, remained at approximately 66 percent through February 
1976-77 and March 1977 and then declined to 35 percent in April 1977. 
During late August and early September, 51.6 percent of the observations by 
Progulske and Duerre (1964) were within the second and third hours after 
sunset. While observing deer during crepuscular periods from September 
through May, Zagata and Haugen (1974) sighted fewer animals per observation 
the farther the observation from sunrise or sunset. Why more deer were 
observed nearer sunset in winter in this study is not known though it is 
believed to be related to changes in feeding activity. 
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Table 6. Percentage of deer observed within I-hour intervals for each 
spotlight period. N = number of observations. 
Spotlight Hours after sunset N Percent period 
August 1975 1-2 7 8.14 
2-3 11 12.79 
3-4 29 33.72 
4-5 10 11.63 
5+ 29 33.72 
December 1975 1-2 5 9.80 
2-3 15 29.41 
3-4 0 0.00 
4-5 11 21.57 
5+ 20 39.21 
January 1976-77 1-2 71 60.68 
2-3 14 11.96 
3-4 5 4.27 
4-5 17 14.53 
5+ 10 8.54 
February 1976-77 1-2 85 48.29 
2-3 31 17.61 
3-4 10 5.68 
4-5 39 22.15 
5+ 11 6.25 
March 1977 1-2 40 64.51 
2-3 1 1.61 
3-4 18 29.03 
4-5 0 0.00 
5+ 3 4.83 
April 1977 1-2 7 18.44 
2-3 6 16.66 
3-4 7 19.44 
4-5 15 41.67 
5+ 1 2.78 
21 
Distance from vehicle 
Distances at which deer were observed were estimated with the aid of 
landmarks at known distances. Though the spotlights had an effective 
illumination to 0.4 km (0.25 miles) the majority of observations were 
within 0.2 km (0.13 miles) (Table 7). This was due to restricted visibility 
because of rough topography and dense vegetation rather than observer 
inability to distinguish deer at greater distances. 
Table 7. Distances which deer were observed from the spotlight vehicle. 
N = number of observations. 
Distance N Percent (meters) 
0-201 380 76.00 
201-402 103 20.60 
402+ 17 3.40 
Observer error 
Experience was not a factor affecting observer ability to see deer. 
The driver did not see a significantly greater number of deer per night 
than did his assistants (Table 8). The observed difference in the number 
seen by the driver and the number seen by his assistants may have been due 
to the driver's familiarity with the routes. Dealy (1966) also found that 
with limited instruction and under simulated conditions there was no 
significant difference in observer ability to detect deer "eyes". 
22 
Table 8. Comparison of the percentage and mean number of deer observed by 
the driver and assistants for 119 nights of observation. 
t = 1.21, df = 117, P > 0.05. 
Total Percent Mean/night Standard deer error 
Driver 277 55.4 2.33 0.29 
Assistants 223 44.6 1.87 0.28 
Behavior 
Activity of deer when spotlighted was recorded as that action of the 
animal when initially observed (Table 9). Distinction between feeding and 
walking as separate activities was somewhat subjective. "Walking" animals 
were those which appeared to be travelling, while "feeding" animals were 
actively feeding when observed. 
Tabel 9. Activity of deer when initially observed. N = number of 
observations. 
Activity N Percent 
Feeding 240 48.00 
Running 27 5.40 
Walking 105 21.00 
Bedded 128 25.60 
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Assuming deer were running because they were frightened by the spot-
light or vehicle or both, and assuming that running deer were observed 
before they were able to escape detection of the observers, it is evident 
that deer were not missed due to the spotlight technique employed. There 
were highly significant changes in activity during the night (X2 = 124.99, 
df = 12, P < 0.001) (Fig. 6). More deer were observed feeding early in the 
night with a greater percentage observed bedded later. 
Herd composition 
Sex and age of deer were recorded whenever possible. However, only 
data from August 1975 were used in calculating sex and age ratios. Sex and 
age ratios at other times were meaningless because of early shedding of 
antlers (Schwartz and Schwartz 1959:318) and because rapid growth of Iowa 
fawns (Kline 1967) made them difficult to distinguish from adult does. 
Assuming equal observability of all individuals, I observed a sex ratio 
of 17.24 adult bucks per 100 adult does. Observed fawn:doe ratios were 
120:100. Reproductive studies in Iowa by Haugen (1975) showed an average of 
1.63 embryos per doe. This would indicate mortality of 0.43 fawns per doe 
(26%) from conception to the following September. However, this mortality 
rate may be high and the observed fawn:doe ratio low because of unequal 
observability of fawns and does. Downing et ale (1977) believed fawn:doe 
counts in summer and early fall may never be accurate due to differences in 
observability. However, spotlight counts are used to determine buck:doe: 
fawn ratios in South Dakota (Kranz 1974). Communication with residents 
within the study area suggests that many fawns are killed each year during 
hay mowing operations. Further research is needed to determine the extent 
of this type of mortality. 
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D 
100 
80 
20 
Hours after sunset 
Fig. 5. Percentage of deer engaged in each activity in relation to time 
observed. 
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Habitat along routes 
The greatest difference in habitat between the Lucas and Monroe County 
routes during both years was the amount of pastured oak-hickory timber 
present. Pastured oak-hickory timber comprised more than 14 percent of the 
habitat along the Monroe County route but only about 6.5 percent along the 
Lucas County route. This difference was compensated for with more corn, 
soybeans, and hay along the Lucas County route (Table 10). 
Table 10. Percentage of each habitat type within 0.4 km (0.25 miles) of 
the Lucas and Monroe County spotlight routes during the 1975 and 
1976 growing seasons. 
1975 1976 
Lucas Monroe Lucas Monroe 
Unpastured 4.25 4.64 4.25 4.63 
oak-hickory 
Pastured 6.52 14.48 6.52 14.10 
oak-hickory· 
Corn 20.13 18.97 19.63 18.01 
Soybeans 7.53 5.32 8.35 6.92 
Pasture 32.52 32.87 31.71 31.38 
Hayfield 19.79 15.72 20.27 16.87 
Miscellaneous 9.26 8.00 9.27 8.09 
Habitat in which deer were observed varied considerably during the 
different spotlight periods. Generally a greater percentage of deer were 
observed in pastures and hayfields in late summer and spring with more 
observed in harvested corn and soybean fields during the winter (Table 11). 
Table 11. Percentage of habitat types along spotlight routes and percentage of deer occurrences () 
within habitat types by spotlight period. NC = no change. 
Spotlight Unpastured Pastured Corn Soybeans Pasture Hay Miscellaneous period oak-hickory oak-hickory 
August 1975 4.67 10.87 20.56 6.79 34.33 18.74 4.04 
(2.70) (0) (2.70) (0) (32.43) (62.16) (0) 
December 1975 NC NC NC NC NC NC NC 
(5.56) (5.56) (50.00) (0) (33.34) (5.56) (0) 
January 1976 NC NC NC NC NC NC NC 
(6.90) (0) (58.62) (3.45) (6.90) (24.14) (0) 
February 1976 NC NC NC NC NC NC NC 
(9.38) (3.13) (43.75) (3.13) (25.00) (15.63) (0) 
January 1977 4.66 10.68 19.80 8.05 33.15 19.58 4.08 
(25.00) (8.34 ) (8.34) (16.67) (8.34) (0) (33.34) 
February 1977 NC NC NC NC NC NC NC 
(4. 77) (9.52) (47.62) (9.52) (9.52) (19.05) (0) 
March 1977 NC NC NC NC NC NC NC 
(26.32) (10.53) (31.58) (0) (15.79) (10.53) (5.26) 
April 1977 NC NC NC NC NC NC NC 
(14.29) (0) (21.43) (0) (21.43) (42.86) (0) 
N 
0\ 
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Changes in habitat use undoubtedly accounted for some of the variation in 
sightings but visibility was also an important factor. It was possible to 
see only a short distance into cover such as oak-hickory timber and corn-
fields during the growing season, and at that time, most sightings were in 
open areas (pasture, hayfields). Visibility in dense cover increased in 
winter but was still less than in open areas. Despite the lack of visibility 
in dense cover, deer were observed in unpastured oak-hickory timber in 
greater percentages than its availability in all periods except August 1975 
(Table 11). Also, deer were observed in greater percentages in unpastured 
oak-hickory timber than in pastured oak-hickory timber in all periods except 
December 1975 and February 1977. Deer were always observed in pasture and 
pastured oak-hickory timber in percentages less than their availability. 
All deer observed in miscellaneous habitat in January 1977 were in 
abandoned fields. While studying deer habitat requirements in northern 
Iowa, Zagata and Haugen (1973) found deer had a higher preference for 
ungrazed timber than for grazed timber and that they avoided pasture. 
Zagata and Haugen (1973) also saw fewer deer per observation in dense cover 
than in less dense cover and attributed this to a lack of visibility. 
Hectarages of habitat types along 1.61 km (I mile) segments of both 
routes were computed. Segments with similar quantities of habitat types were 
grouped by computer. Ninety-one segments of the survey routes were classi-
fied into five groups during the 1975 growing season and into six groups 
during the 1976 growing season. An analysis of variance test was used to 
determine if more deer were observed within a particular combination -of 
habitat types. However, there was no significant difference in the number 
of deer observed between the habitat groups in 1975-76 or 1976-77 (P > 0.05). 
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This may be because hectarages of habitat types were only determined to 
0.4 km (0.25 miles) from the spotlight routes. Also, no attempt was made 
to quantify interspersion of habitat types, only hectarage of each type. 
Raccoons 
Counts of raccoons were recorded on 106 nights during the study. No 
raccoons were observed on 21 nights. The greatest number observed on a 
single night was 54 on the Lucas County route on 13 April 1977. During the 
106 nights, raccoon observations totaled 1,331. Counts were made in January 
and February in both 1976 and 1977. Fewer raccoons were observed on both 
routes in both months in 1977 (Table 12), but there were significantly 
fewer observations per night only on the Monroe route in January 1977 
(F = 19.36, df = 1, 13; P < 0.05). However, there was a highly significant 
(P < 0.001) positive correlation between raccoon counts and temperature in 
January, and temperatures in January 1977 were lower than in 1976. There-
fore, counts were lower in January 1977 not because of a lower raccoon 
population but because of temperature differences between the two years. 
Counts taken in 1976 and 1977 were combined for each of the January and 
February periods in other analyses because variables affecting counts one 
year and not another would have little value. 
Ignoring route differences, a significant difference was observed in 
the number of raccoons observed per night in the different spotlight periods 
(F = 30.80, df = 5, 101; P < 0.001). Greater numbers of raccoons were 
observed per night in April 1977 than during any other period (Duncan's 
multiple range test) (Table 13). Also, the coefficient of variati-on was 
lowest on both routes during this period (Table 14). 
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Table 12. Means, standard deviations, and 95 percent confidence intervals 
for the number of raccoons observed per night during January and 
February spotlight periods in 1976 and 1977. N = number of 
r\llls. 
Spotlight Route N Mean & 95% C.l. Standard period deviation 
January 1976 Lucas 7 7.0 ± 6.2 6.9 
Monroe 7 5.3 ± 2.6 2.9 
January 1977 Lucas 7 0.7 ± 1.1 1.3 
Monroe 8 0.5 ± 0.8 0.9 
February 1976 Lucas 6 20.8 ± 5.4 5.4 
Monroe 6 10.8 ± 7.5 7.5 
February 1977 Lucas 6 14.8 ± 7.6 7.6 
Monroe 7 6.6 ± 3.1 3.5 
Table 13. Differences in the mean number of raccoons observed per night in the different spotlight 
periods as determined by Duncan's multiple range test. Means underlined with the same 
line are not significantly different (P > 0.05). 
December 1975 
Mean 3.30 
January 
1976-77 
3.30 
Spotlight period 
August 1975 
12.71 
February 
1976-77 
13.00 
March 1977 April 1977 
17.79 30.86 
w 
o 
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Table 14. Means, standard deviations, 95 percent confidence intervals, and 
coefficients of variation for the number of raccoons observed per 
night for each route and spotlight period. N = number of runs. 
Spotlight Route N Mean & 95% C.I. Standard C.V. period deviation 
August 1975 Lucas 14 12.7 ± 3.7 6.4 50.6 
December 1975 Lucas 5 3.4 :!: 3.6 2.9 84.7 
Monroe 5 3.2 :!: 3.8 3.0 94.8 
January 1976-77 Lucas 14 3.9 :l:- 3.3 5.8 150.1 
Monroe 15 2.7 :i- 1.8 3.2 116.9 
February 1976-77 Lucas 12 17.8 ± 4.5 7.0 39.3 
Monroe 13 8.5 ± 3.6 5.9 69.1 
March 1977 Lucas 8 22.9 :i- 7.1 8.5 37.1 
Monroe 6 11.0 :l:- 9.0 8.6 78.0 
April 1977 Lucas 8 34.3 ± 9.1 10.9 31.9 
Monroe 6 26.3 :!: 10.2 9.7 36.8 
Assuming more raccoons were observed on nights when more individuals 
were active, activity increased considerably in April. Fritzel1 (1978) 
found raccoons in North Dakota extremely mobile from April through July, and 
except for lactating females, individuals were rarely in the same location 
on consecutive days. Yearling males were observed to move greater distances 
in April and May than in other months of the year. However, Urban (1970) 
and Stuewer (1943) reported a fall dispersal by juveniles. Urban (1970) 
also reported that activity of adults was greater than that of juveniles. 
If the percentage of adults and juveniles or males and females observed is 
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consistent from year to year, differences in activity due to age or sex 
would have no effect on an annual spotlight survey. 
Climatological factors 
There was no significant difference (P > 0.05) between 
raccoon counts during nights with and without fog. This may have been 
because increased raccoon activity on foggy nights compensated for restricted 
visibility due to fog. No raccoons were observed during nights when it 
snowed. Therefore, counts taken on these nights were deleted from the 
remainder of the analyses. 
Continuous weather variables Counts of raccoons were correlated 
with different weather variables in different spotlight periods (Table 15). 
Although counts were correlated with temperature, relative humidity, and 
,atmospheric pressure during the December 1975 period, it is not possible to 
determine which factor or factors raccoons were responding to because of 
inter-correlation of variables (Table 16). A similar situation existed 
between temperature and atmospheric pressure in the January 1976-77 periods. 
Sharp and Sharp (1956) found temperature to have a positive effect, and wind 
a negative effect on raccoon activity in winter. Stuewer (1943) and Cabalka 
(1952) postulated that the coming of snow rather than low temperatures was 
the factor which caused raccoons to cease activity in fall, but I was unable 
to substantiate this because snow was already present when spotlighting began 
in both winters. In this study, raccoon counts were positively correlated 
with wind speed in February and March but not with accumulated wind. The 
reason for raccoon counts being correlated with wind speed during these 
mon ths is unknown. 
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Table 15. Simple correlation coefficients (r) obtained when correlating 
the number of raccoons observed each night with temperature, 
relative humidity, atmospheric pressure, wind speed, and 
accumulated wind for each spotli~ht period. P < 0.05 = *, 
P < 0.01 = **, and P < 0.001 = * *. NM = not measured. 
Spotlight Temperature Relative Atmospheric Wind Accumulated period humidity pressure speed wind 
August 1975 0.31 0.45 0.34 0.18 NM 
0.89*** ** ** December 1975 0.80 -0.85 -0.59 NM 
*** * January 1976-77 0.63 -0.16 -0.38 0.31 -0.32 
* February 1976-77 0.36 0.17 -0.14 0.49 0.05 
March 1977 . 0.45 0.26 -0.65 * * 0.53 0.24 
April 1977 -0.23 0.61 * 
0.86**a 
-0.002 -0.13 0.45 
aCorrelation coefficient obtained when two counts were eliminated due 
to extreme observer fatigue. 
Table 16. Correlation matrices for raccoon counts and three weather 
variables in the December 1975 and January 1976-77 spot1i~t 
periods. P < 0.05 = *, P < 0.01 = **, and P < 0.001 = ** • 
Temperature Relative Atmospheric humidity pressure 
December 1975 
*** ** ** Raccoons 0.89 0.80* 
-0.85*** 
Temperature 0.66 -0.90* 
Relative humidity -0.75 
January 1976-77 
* * Raccoons 0.63 -0.16 
-0.38*** 
Temperature 0.22 -0.64 
Relative humidity -0.12 
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~rediction equations and R2 values are presented for each spotlight 
period using the independent variables temperature, relative humidity, and 
atmospheric pressure (Table 17). Prediction equations are of the form 
Y = a + elxl + e2x2 + £ where Y = predicted raccoon count, a is a constant, 
el measures the expected change in Y when ~ increases by 1 unit, X2 remain-
ing unchanged, and £ are the residuals assumed to be independently distrib-
2 
uted with zero mean and variance cr. Though much of the variability in 
raccoon counts is explained with these variables in some spotlight periods, 
these equations should be regarded with caution due to the sample size 
involved. Generally, more raccoons were observed when a low pressure system 
was the predominate weather pattern. In April, high relative humidity alone 
appeared to increase the observability of raccoons, and counts were 
positively correlated with relative humidity (Fig. 6). This relationship is 
described by the equation Y = 6.76 + 0.47 H where Y = the expected raccoon 
count and H = relative humidity. An r2 of 0.3692 was obtained for humidity 
which means that when the other variables are ignored, 36.92 percent of the 
variability in raccoon counts is explained by changes in relative humidity. 
Relative humidity was the only variable contributing significantly to the R2 
value obtained in April (Table 17). On two nights, raccoon counts were less 
than expected due to extreme observer fatigue. If data from these nights 
are eliminated, then r~ = 0.74 and Y = -5.43 + 0.76 H (Fig. 7). 
Counts in April were taken during a 2-week period immediately preceding 
"leaf out" of the vegetation. Though raccoon activity may continue to 
increase beyond this time, counts would probably decrease because of 
restricted visibility due to developing deciduous foliage. Anderson (1959) 
noted this problem while spotlighting deer in Oregon. Relatively low 
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raccoon counts in August 1975 in this study (Table 14) are also evidence of 
poor visib ili ty • 
Cloud cover Cloud cover had no significant effect on the number of 
raccoons observed during the August, December periods (F = 2.82, df = 2, 18; 
P > 0.05) or from January through April (F = 1.52, df = 3, 66; P > 0.05) 
(Fig. 8). 
Time of night 
A total of 1,227 raccoon observations were grouped into four I-hour 
post-sunset intervals (Table 18). Percentages of raccoons observed during 
each of these I-hour intervals did not change significantly during the six 
spotlight periods (F = 1.20, df = 5, 1,221; P > 0.05; data obtained beyond 
five hours after sunset were not included in the analysis). Fritze11 (1978) 
found raccoons generally became active within 1 hour after sunset and 
remained active until within 1 hour of sunrise. Schneider et a1. (1971) 
also observed raccoons to become active near or shortly after sunset though 
termination of activity was variable. 
Observer error 
Experience was a factor affecting observer ability to sight raccoons. 
The driver saw a significantly greater number of raccoons per night than did 
his assistants (Table 19). Raccoons were not alerted by the lights as 
readily as deer. Frequently "eyes" of raccoons were seen for only an 
instant or not at all. Experience at detecting eyeshine or detecting 
animals without the benefit of eyeshine would appear to be an advantage in 
sighting raccoons. Familiarity with routes was probably not a contributing 
factor because raccoons were often sighted in locations where none had been 
sighted previously. 
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Table 18. Percentage of raccoons observed within I-hour intervals for each 
spotlight period. N = number of observations. 
Spotlight Hours after sunset N Percent period 
August 1975 1-2 28 15.73 
2-3 30 16.85 
3-4 55 30.90 
4-5 38 21.3S 
5+ 27 lS.17 
December 1975 1-2 6 16.67 
2-3 8 22.22 
3-4 2 5.S6 
4-S 8 22.22 
5+ 12 33.33 
January 1976-77 1-2 24 21.82 
2-3 19 17.27 
3-4 35 31.82 
4-5 12 10.91 
5+ 20 18.18 
February 1976-77 1-2 78 24.00 
2-3 80 24.62 
3-4 84 25.84 
4-S 70 21.54 
5+ 13 4.00 
March 1977 1-2 50 20.00 
2-3 65 26.00 
3-4 63 25.20 
4-5 58 23.20 
5+ 14 5.60 
April 1977 1-2 81 18.75 
2-3 121 28.01 
3-4 111 25.69 
4-S 101 23.38 
5+ 18 4.17 
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Table 19. Comparison of the percentage and mean number of raccoons 
observed by the driver and assistants. = 2.74, df = 103, 
P < 0.01. 
Driver 
Assistants 
Number of 
raccoons 
732 
548 
from vehicle 
----
Percent Mean/night 
56.86 6.97 
43.14 5.22 
Standard 
error 
0.66 
0.55 
Distances from the vehicle for 169 raccoon observations were estimated 
with the aid of landmarks. More than 98 percent were within 183 m (200 yds) 
of the road (Table 20). At greater distances, raccoons were less likely to 
react to the light and consequently were more difficult to detect. 
Table 20. Percentage of raccoons observed at various distances from the 
spotlight vehicle. N = number of observations. 
Distance N Percent (meters) 
0- 91 133 78.70 
91-183 33 19.53 
> 183 3 1.77 
Location 
More than 57 percent of the raccoons observed were on the ground. About 
42 percent were observed in trees or on/in buildings. Less than 1 percent 
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were running when initially observed. As was noted previously with deer, 
probably few raccoons were frightened off and not detected because of the 
methodology employed. 
Habitat 
The same survey route segment groups were used in the raccoon habitat 
analysis as were used for deer (p. 27). There was no significant difference 
in the number of raccoons observed between group classifications in August 
1975, March 1977 or April 1977 (P > 0.05). 
More than 55 percent of the raccoon observations in August 1975 were in 
pasture, and the percentage of observations in pasture remained high in 
March and April 1977 (Table 21). The percentage of observations in pastured 
oak-hickory timber was always less than its availability though the percen-
tage of observations in unpastured oak-hickory timber was always greater 
than its availability despite poor degree of visibility of raccoons in this 
habitat. The percentage of raccoon observations in hay and soybean fields 
was always less than their availability even though raccoons were highly 
visible in these habitats in March and April. Raccoons probably avoid hay 
and soybean fields in March and April because more preferred foods are 
located in other habitats. Raccoons were frequently observed in harvested 
cornfields (Table 21). Need for a high energy food source in spring would 
account for frequent sightings in cornfields. Corn comprised more than 20 
percent of the available habitat in 1975, yet less than 10 percent of all 
observations were in corn in August. As noted previously with deer, degree 
of visibility was an important factor affecting habitats in which raccoons 
were observed during all spotlight periods. 
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CONCLUSIONS AND RECOMMENDATIONS 
Spotlight surveys were conducted on two routes in south-central Iowa 
during six different months to determine when the greatest number of deer 
and raccoons could be observed with the least variability o~ when the 
coefficient of variation (C.V.) could be minimized. No significant 
difference (P > 0.05) was found in deer counts between spotlight periods. 
For deer, the lowest C.V. was obtained on the Monroe route in April 1977. 
Raccoon counts were significantly greater (P < 0.05) in April 1977 than 
during the other spotlight periods. Also the C.V. for raccoon counts was 
lowest on both routes in April. 
Deer counts were significantly correlated (P < 0.05) with temperature 
in August 1975 and with relative humidity in April 1977. Raccoon counts 
were significantly correlated with temperature, atmospheric pressure, 
relative humidity, and wind speed in different spotlight periods. 
Survey routes should not be longer than 40 km (25 miles) in length 
because observers tend to become fatigued, and their concentration is 
lessened at the end of longer routes. Experience was a factor in sighting 
raccoons. Therefore, observers should familiarize themselves with all 
equipment before raccoon routes are surveyed. 
A spotlight survey, if used as a population index for raccoons or deer 
and raccoons, should be conducted in spring within a 10 to 14 day period 
immediately preceding "leaf out" of the woody vegetation. In Iowa, this per-
iod normally occurs between 10 April and 5 May but will vary with lat~tude. 
Surveys should be conducted at this time because of high raccoon counts, a 
low C.V. for raccoon counts, and because both deer and raccoon counts are 
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significantly correlated with relative humidity. The relative humidity 
should be at least 60 percent when a route is surveyed. Generally, this 
will occur when a low pressure system is present. However, routes should 
not be surveyed during rain since visibility is impaired. 
Spotlight surveys might also be conducted for deer in February. A 
majority of deer (55.9%) were observed between 1 and 3 hours after sunset. 
Weather variables had almost no effect on counts during that month. There-
fore, counts need not be taken during specific weather conditions except 
routes should not be surveyed when it is snowing. Problems associated with 
surveys in February may include extremely cold temperatures and poor road 
conditions. 
Raccoons are equally observable throughout a 4-hour period beginning 
1 hour after sunset. The time at which deer are most readily observable in 
April is apparently toward the end of this 4-hour interval though this is 
questionable due to a small sample size. Surveys should be completed between 
1 and 5 hours after sunset, and it is recommended that they begin 1 hour 
after sunset whether they are conducted in February or April. 
Researchers conducting spotlight studies throughout the country have 
reached different conclusions concerning the usefulness of the spotlight 
technique. Therefore, the results of this study should be regarded with 
caution in other geographical areas. It may be necessary to conduct studies 
similar to this one before correct implementation of the technique in other 
areas would be possible. 
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DEER AND RACCOON SPOTLIGHT CENSUS DATA FORM 
---- ----
DATE: CLOUD COVER: 
ROUTE: OFFICIAL SUNSET: 
DIRECTION OF RUN: GROUND: Bare __ , Snowcovered 
RESEARCHERS: PRECIPITATION: During run - Type 
-----
AmOtmt 
-----
TEMPERATURE: Beginning __ , End __ ._ Since last run -
RELATIVE HUMIDITY: Beginning __ , End __ Type ____ _ 
BAROMETRIC PRESSURE: Beginning __ , End __ Amotmt 
-----
WIND SPEED: Beginning __ , End __ 
ACCUMULATED WIND: Beginning __ , End __ 
DEER OBSERVED 
Observation Time Sex Age Observer Behavior Distance Habitat No. observed type 
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RACCOONS OBSERVED 
Habitat Observation Time Observer Location Distance type No. observed 
